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COMPANDOR WITH DC-COUPLED 
COMPRESSOR 

BACKGROUND OF THE INVENTION 

The present invention relates in general to compan 
dors and, more particularly, to a compandor with a 
DGcoupled compressor. 
A compandor is a combination compressor circuit 

and expandor circuit. The compressor circuit com 
presses the dynamic range of an analog input signal for 
transmission across a narrow-band transmission link, 
while the expandor circuit expands the compressed 
signal back to its original state at the receiver side. Typi 
cal applications include cordless telephones and inter 
com systems. The compressor narrows the dynamic 
range of the analog input signal by amplifying fre~ 
quency components below a predetermined amplitude 
threshold while attenuating frequency components 
above the amplitude threshold. For example, if the 
amplitude threshold is established at —20 dBV and the 
compressor narrows the dynamic range by a 2-to-1 dB 
ratio, signal components in the —80 dBV range are 
ampli?ed to —50 dBV while the higher level 0 dBV 
components are attenuated to - l0 dBV. As a result, the 
amplitude of the analog input signal after compression 
ranges from —l0 dBV to -50 dBV over the entire 
frequency range. Following transmission over the RF 
link, the compressed signal is expanded to its original 
range of 0 dBV to —80 dBV. 
One advantage of the compandor is that narrowing 

the dynamic range allows transmission over the RF link 
without clipping the frequency components with a 
higher amplitude. Transmission over a cordless tele 
phone for example is typically limited to 400 millivolts 
peak-to-peak, while active voice signals usually range 
from 0 dBV to -30 dBV. A 0 dB signal would be 
clipped over the RF link thereby losing transmission 
data. Another advantage is that amplifying the low 
level frequency components of the input signal in the 
'-40 to ~60 dBV range raises the input signal above the 
noise level of the transmission link and improves the 
signal to noise ratio (SNR). The noise ?oor of a typical 
RF link is -—50 dBv. Hence, the lowest level input 
signal of -—80 dBV is ampli?ed to at least the antici 
pated level of the transmission noise. 
Compandor circuits in the prior art manufactured as 

a monolithic integrated circuit (IC) require packages 
with 12 or more pins to accommodate the necessary 
external components on a printed circuit board, i.e., 
large electrolytic capacitors. In the highly competitive 
market of cordless telephones, reducing the external pin 
count and package size can lead to reduced manufactur 
ing costs, reduced space allocation and increased reli 
ability. ' 

Hence, a need exists for a compandor circuit requir 
ing fewer external components and therefore manufac 
turable in a cheaper monolithic integrated circuit pack 
age with fewer external pins. 

SUMMARY OF THE INVENTION 

Brie?y stated, the invention comprises a circuit in 
cluding an ampli?er having a ?rst input receiving an 
input signal having AC and DC components, a second 
input receiving a reference potential, and an output for 
providing an output signal having AC and DC compo 
nents. A delta gain stage includes an input coupled for 
receiving the AC and DC components of the output 
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2 
signal of the ampli?er and an output coupled to the ?rst 
input of the ampli?er. A recti?er circuit includes an 
input coupled. for receiving the AC and DC compo 
nents of the output signal of the ampli?er and an output 
for providing a control signal to the control input of the 
delta gain stage. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic and block diagram illustrating a 
conventional compandor circuit; 
FIG. 2 is a schematic and block diagram illustrating a 

compandor circuit in accordance with the present in 
vention; 
_ FIG. 3 is a schematic diagram illustrating the delta 
gain stage of FIG. 2; and 
FIG. 4 is a schematic diagram illustrating the recti?er 

circuit of FIG. 2. 

DETAILED DESCRIPTION OF THE PRIOR ART 

A conventional compandor circuit 10 includes an 
expandor and a compressor as shown in FIG. 1. In a 
cordless telephone application for example, the hand 
held remote unit and the base unit connected to the 
hard-wired telephone line would each have compandor 
combination. Incoming voice data from the hard-wired 
telephone line is compressed in the compressor of the 
base unit, FM modulated and transmitted through the 
base unit antenna over the RF link to the hand-held 
remote unit. The expandor in the remote unit returns 
the voice data to its full dynamic range for the user to 
hear. The voice data generated by the user with the 
hand-held remote unit is compressed by the compressor 
in the remote unit, FM modulated and transmitted 
through its antenna over the RF link back to the base 
unit where the voice data is expanded for transmission 
over the hard-wire telephone lines to the party at the 
other end. 
The prior art expandor shown in FIG. 1 receives a 

compressed analog signal from which recti?er 12 cre 
ates a DC representation of the analog signal to control 
delta gain stage 14. The greater the amplitude of the 
compressed analog signal, the higher the gain through 
delta gain stage 14. Conversely, the lower the com 
pressed analog signal, the lower the gain through delta 
gain stage 14. Ampli?er 16 with feedback resistor 18 
provides an output signal having full dynamic range. 
The non-inverting input of ampli?er 16 receives a refer 
ence potential VREF typically operating at one-half the 
positive power supply potential Vcc through resistor 
divider network 19 and ?lter capacitor 20. The expan 
dor operation typically requires four external pins for 
the IC package, one each for connection of external 
capacitors 20, 22, 24, and 26. 
For the compressor circuit shown in FIG. 1, the 

feedback components around ampli?er 28 are ex 
changed with respect to ampli?er 16, whereby a full 
dynamic range input signal is applied through capacitor 
30 and resistor 32 to the inverting input of ampli?er 28, 
while recti?er 34 and delta gain stage 36 operate in the 
feedback path between the output of ampli?er 28 and its 
inverting input. Again, the non-inverting input of ampli 
?er 28 receives the reference potential Vggpfrom resis 
tor divider network 19. Recti?er 34 and delta gain stage 
36 receive the output signal of .ampli?er 28 and adjust 
the gain based on a compressed analog signal. That is, 
the higher the compressed analog signal the lower the 
gain, and the lower the compressed analog signal the 
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higher the gain, thereby effectively compressing the 
input signal and limiting its dynamic range. Delta gain 
stage 36 in the compressor tracks delta gain stage 14 in 
the expandor. 

Recti?er 34 and delta gain stage 36 in prior art com 
pressor circuits are sensitive to DC signals from ampli 
?er 28. Capacitor 38 AC-couples the compressed ana 
log signal to delta gain stage 36 to remove any DC 
component which may adversely effect the feedback 
path. However, because capacitor 38 decouples DC 
signals from the feedback path it is necessary to add the 
RC network 40 to provide a DC bias for the inverting 
input of ampli?er 28. The IC package for the compres 
sor function requires ?ve external pins for capacitors 30, 
38, 42 and 44 and RC network 40, in addition to the 
Vggppin which is also used in the expandor as previ 
ously discussed. 
The IC package for the complete compandor circuit 

therefore requires eleven external pins, ?ve pins for the 
compressor function, three pins for the expandor func 
tion and three pins for Vcc and ground operating poten 
tials and the reference potential V R 5;. A smaller stan 
dard package size is an eight-pin SOI package. Reduc 
ing the compandor function to only eight external pins 
offers a desirable reduction in manufacturing costs, 
fewer external components and overall improvement in 
reliability. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A compandor circuit 46 includes an expandor 52 and 
a compressor 54 as shown in FIG. 2 suitable for manu 
facturing as an 8-pin integrated circuit package using 
conventional integrated circuit processes. A positive 
power supply potential Vcc (5.0 volts) and ground 
potential are applied through pins 47 and 48 to IC 50. 
First consider expandor 52 where a compressed analog 
signal Vcom is applied through external AC-coupling 
capacitor 56 to pin 58 of IC 50. The AC components of 
the compressed analog signal Vcom continue through 
resistors 62 and 64 to delta gain stage 66 and recti?er 68, 
respectively. Recti?er 68 produces a DC control signal 
164m representative of the compressed analog signal 
Vcom to control the gain of delta gain stage 66. Exter 
nal capacitor 70 is coupled through pin 72 of IC 50 to 
recti?er 68. The greater the amplitude of the com 
pressed analog signal Vcom, the higher the gain 
through delta gain stage 66. Conversely, the lower the 
compressed analog signal vcom, the lower the gain 
through delta gain stage 66. Expandor 66 thus expands 
the compressed analog signal Vcom to its full ampli 
tude dynamic range. Further detail of delta gain stage 
66 and recti?er 68 is provided in FIGS. 3 and 4, respec 
tively. . 

Operational ampli?er 76 includes an inverting input 
coupled for receiving an output signal of delta gain 
stage 66, and a non-inverting input coupled for receiv 
ing a reference potential V R 5p. Resistor 78 is coupled in 
the feedback path between the output of ampli?er 76 
and its inverting input. The output of ampli?er 76 pro 
vides an output signal VOUTthrough pin 80 and capaci 
tor 82 operating with full amplitude dynamic range 
following decompression through expandor 52. 
Compandor 46 includes a bandgap voltage reference 

circuit 84 producing a bandgap-regulated reference 
voltage VREpoperating at 1.5 volts. The 1.5 volt oper 
ating point for the reference voltage VREF allows an 
industry standard 2.8 volt peak-to-peak swing in the 
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4 
output signal VOUT. Bandgap voltage reference circuit 
84 eliminates the need for a large ?lter capacitor like 20 
in FIG. 1, and associated IC pin, thereby reducing the 
space requirement and allowing integration of the volt 
age reference circuit within IC 50. Furthermore, decou 
pling capacitor 86 coupled to Vccmay be made smaller 
since the inherent features of a bandgap voltage refer 
ence make it less susceptible to power supply variation. 
Compressor 54 of FIG. 2 receives an analog input 

signal VIN applied through external AC-coupling ca 
pacitor 90 to pin 92 of IC 50. The AC components of 
the analog input signal Vmcontinue through resistor 94 
to the inverting input of operational ampli?er 96. The 
noninverting input of ampli?er 96 receives the bandgap 
reference voltage VREF. The output of ampli?er 96 
provides the compressed analog signal Vcom through 
pin 98 and external capacitor 100. Capacitors 56, 70, 82, 
90, III) and 110 may be surface mount devices. 
Another key feature of the present invention is the 

elimination of external capacitor 38 and RC network 40 
and the two associated IC pins in FIG. 1. The output of 
ampli?er 96 is DC-coupled to delta gain stage 102 and 
recti?er 104, that is, the AC and DC components of the 
output signal of ampli?er 96 are applied to delta gain 
stage 102 and recti?er 104. Certain features of delta gain 
stage 102 and recti?er 104 allow compandor 46 to oper 
ate with DC-coupled compressor 54 as described here 
inafter. Eliminating certain external components allows 
compandor 46 to be manufactured in an 8-pin SOI IC 
package with the remaining external components as 
surface mount devices. 

Delta gain stage 102 and recti?er 104 are coupled in 
the feedback path between the output of ampli?er 96 
and its inverting input. The output signal of ampli?er 96 
is applied through resistors 106 and 108 to delta gain 
stage 102 and recti?er 104, respectively. Recti?er 104 
produces a DC control signal IGAIN representative of 
the compressed analog signal Vcom to control the gain 
of delta gain stage 102. That is, the higher the com 
pressed analog signal Vcom the lower the gain, and the 
lower the compressed analog signal Vcom the higher 
the gain, thereby effectively compressing the input sig 
nal V [N and limiting its dynamic range. External capaci 
tor .110 is coupled through pin 112 of IC 50 to recti?er 
104. Delta gain stage 102 and recti?er 104 shown in 
FIGS. 3 and 4, respectively, follow the same ‘construc 
tion as delta gain stage 66 and recti?er 68. 

Turning to FIG. 3, delta gain stage 102 is shown in 
further detail. The operation of a variable gain ampli?er 
like delta gain stage 102 is described in US. Pat. No. 
4,878,031, entitled CLASS B VARIABLE GAIN 
CONTROL CIRCUIT, hereby incorporated by refer 
ence. When a positive going current 1106 flows through 
resistor 106 from FIG. 2, the inverting input of opera 
tional ampli?er 116 goes high and its output goes low at 
node 118 turning on transistor 120 to a suf?cient level to 
sink current I106. A constant reference current IRE}: is 
generated by reference voltage VREpapplied to current 
mirror circuit 124. Reference current IRE; ?ows 
through diodes 126 and 128. The base-emitter junction 
potential (V 5,) of transistor 122 thus decreases by the 
same amount that the V5,, of transistor 120 increases 
because the sum of the vbgs of transistors 120 and 122 
must equal the potentials across diodes 126 and 128. 
Diode 134 maintains the emitter of transistor 122 at one 
diode potential above bias potential V3145 typically set 
at 0.5 " Vbe. 
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A smaller V1,, for transistor 122 reduces the current 
?ow through current mirror circuit 130 to match the 
increase in current 1106 summing at the collector of 
transistor 132. The base of transistor 132 receives bias 
voltage VCUMP to limit the collector voltage of the 
output transistor of current mirror 130 so the beta and 
Early effects are minimized to give excellent DC cur 
rent match and no gain degradation of the AC signal. 
Thus, ampli?er 116 establishes the proper voltage at 
node 118 such that the current through transistor 132 
plus current I106 equals the current through transistor 
120. 
The operation of transistors 120-132 is similar to 

transistors 138-150 with the exception that diodes 
142-144 receive DC gain control current IGAIN from 
recti?er 104. Current 164m controls the potentials de 
veloped across diodes 142-144 and correspondingly the 
amount of decrease in current through transistor 140 
induced by an increase in current through transistor 
138. The resulting current 1152 ?owing out of delta gain 
stage 102 into the inverting input of ampli?er 96 is given 
as 1152:1106 * IGAIN/IREF. The operation of delta gain 
stage 102 is insensitive to DC signals because the DC 
currents ?owing through the input and output of cur 
rent mirror 146 are identical to the currents ?owing 
through transistor 140 and 138 so that the net DC cur 
rent summing into output 152 is zero. 

In FIG. 4, recti?er 104 is shown in further detail. The 
operation of a recti?er like recti?er 104 is described in 
US. Pat. No. 5,012,]39, entitled FULL WAVE REC 
TIFIER/AVERAGING CIRCUIT, and US. Pat. No. 
5,079,517, entitled CIRCUIT FOR DC CONTROL 
OF A COMPRESSOR, hereby incorporated'by refer 
ence. A positive AC current ?owing through resistor 

, 108 from FIG. 2 pulls the output of ampli?er 160 low 
and turns on transistors 162 and 164. Diode 166 devel 
ops substantially the same potential as diode-con?gured 
transistor 162 and turns off transistor 168 because of 
equal potentials at its base and emitter. Current mirror 
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circuit 170 conducts the same current as transistor 164. 40 
During the negative cycle of the AC current, transistor 
168 conducts and transistor 164 turns off. Thus, transis 
tor 164 conducts during the positive portion of the AC 
current cycle and transistor 168 conducts during the 
negative portion, producing a fullwave recti?ed signal 
?owing into current mirror circuit 170. Resistor 172 and 
capacitor 110 (from FIG. 2) average the fullwave recti 
?ed signal producing a DC signal at the inverting input 
of operational ampli?er 176. The output of ampli?er 176 
drives transistor 180 to create a low impedance at node 
182. The DC signal passes through current mirror cir 
cuits 184 and 186 to produce the DC control signal 
IGAIN for delta gain stage 102. 
A key feature of the present invention is the elimina 

tion of certain components external to the compandor 
IC (e.g., capacitor 38 and RC network 40 of FIG. 1), 
thereby allowing a smaller package size (e. g., 8-pin 
$01). The delta gain stage and recti?er in the feedback 
path of the compressor circuit no longer require van 
AC-coupling capacitor and RC network for DC bias 
because the delta gain stage and recti?er are insensitive 
to DC signals. Moreover, the remaining external com 
ponents may be made smaller and manufactured as 
surface mount devices. 
While speci?c embodiments of the present invention 

have been shown and described, further modi?cations 
and improvements will occur to those skilled in the art. 
It is understood that the invention is not limited to the 
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6 
particular forms shown and it is intended for the ap 
pended claims to cover all modi?cations which do not 
depart from the spirit and scope of this invention. 
What is claimed is: 
1. A circuit, comprising: 
an ampli?er having ?rst and second inputs and an 

output, said ?rst input receiving an input signal 
having AC and DC components, said second input 
receiving a reference potential, said output produc 
ing an output signal having AC and DC compo 
nents; 

a delta gain stage having an input, a control input and 
an output, said inputbeing coupled for receiving 
said AC and DC components of said output signal 
of said ampli?er by way of a ?rst DC conduction 
path, said output being coupled to said ?rst input of 
said ampli?er; and 

a recti?er circuit having an input coupled for receiv 
ing said AC and DC components of said output 
signal of said ampli?er by way of a second DC 
conduction path and having an output for provid 
ing a control signal to said control input of said 
delta gain stage. 

2. The circuit of claim 1 comprising a bandgap volt 
age reference circuit having an output for providing 
said reference potential. 

3. The circuit of claim 1 further including: 
a ?rst capacitor having a ?rst terminal coupled for 

receiving said input signal having AC and DC 
components and having a second terminal; and 

a ?rst resistor coupled between said second terminal 
of said ?rst capacitor and said ?rst input of said 
ampli?er. 

4. The circuit of claim 3 further including: 
a second resistor coupled between said output of said 

ampli?er and said input of said delta gain stage; and 
a third resistor coupled between said output of said 

ampli?er and said input of said recti?er circuit. 
5. A compandor circuit in an 8-pin integrated circuit 

(IC) package, comprising: 
a ?rst ampli?er having ?rst and second inputs and an 

output, said ?rst input receiving an input signal 
from a ?rst pin of the IC, said second input receiv 
ing a reference potential, said output producing a 
?rst compressed analog signal having AC and DC 
components at a second pin of the IC; 

a ?rst delta gain stage having an input, a control input 
and an output, said input being coupled for receiv 
ing said ?rst compressed analog signal having AC 
and DC components by way of a ?rst DC conduc 
tion path, said output being coupled to said ?rst 
input of said ?rst ampli?er; 

a ?rst recti?er circuit having ?rst and second inputs 
and an output, said ?rst input being coupled for 
receiving said ?rst compressed analog signal hav 
ing AC and DC components by way of a second 
DC conduction path, said second input being cou 
pled to a third pin of the IC, said output providing 
a ?rst control signal to said control input of said 
?rst delta gain stage; and 

an expandor circuit having an input coupled for re 
ceiving a second compressed analog signal at a 
fourth pin of the IC and having an output for pro 
viding an output signal at a ?fth pin of the IC. 

6. The circuit of claim 5 comprising a bandgap volt 
age reference circuit having an output for providing 
said reference potential. 
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7. The compandor circuit of claim 5 wherein said 
output signal of said ?rst ampli?er includes AC and DC 
components applied at said input of said ?rst delta gain 
stage and said ?rst input of said ?rst recti?er circuit. 

8. The compandor circuit of claim 7 further including 
a ?rst external capacitor coupled between said third pin 
of the 1C and a ?rst power supply conductor. 

9. The circuit of claim 8 wherein said expandor cir 
cuit includes: 

a second ampli?er having ?rst and second inputs and 
an output, said second input receiving said refer 
ence potential, said output producing said output 
signal of said expandor circuit at said ?fth pin of 
the IC; 

a second delta gain stage having an input, a control 
input and an output, said input being coupled for 
receiving said second compressed analog signal, 
said output being coupled to said ?rst input of said 
second ampli?er; 

a second recti?er circuit having ?rst and second in 
puts and an output, said ?rst input being coupled 
for receiving said second compressed analog sig 
nal, said second input being coupled to a sixth pin 
of the IC, said output providing a second control 
signal to said control input of said second delta gain 
stage; and 

a ?rst resistor coupled between said output of said 
second ampli?er and said ?rst input of said second 
ampli?er. 

10. The compandor circuit of claim 9 further includ 
ing a second external capacitor coupled between said 
sixth pin of the 1C and said ?rst power supply conduc 
tor. 

11. The compandor circuit of claim 10 wherein the 
S-pin IC includes: 

a seventh pin coupled to said ?rst power supply con 
ductor; and 

an eighth pin coupled to a second power supply con 
ductor. ' 

12. The compandor circuit of claim 11 further includ 
ing: 

a third external capacitor having a ?rst terminal cou~ 
pled to said ?rst pin of the IC and having a second 
terminal coupled for receiving said input signal; 

a fourth external capacitor having a ?rst terminal 
coupled to said second pin of the IC and having a 
second terminal coupled for providing said ?rst 
compressed analog signal; 

a ?fth external capacitor having a ?rst terminal cou 
pled to said fourth pin of the IC and having a sec 
ond terminal coupled for receiving said second 
compressed analog signal; and 
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8 
a sixth external capacitor having a ?rst terminal cou 

pled to said ?fth pin of the IC and having a second 
terminal coupled for providing said output signal. 

13. A compandor circuit, comprising: 
a ?rst ampli?er having ?rst and second inputs and an 

output, said ?rst input receiving an input signal 
having AC and DC components, said second input 
receiving a reference potential, said output produc 
ing a ?rst compressed analog signal having AC and 
DC components; 

a ?rst delta gain stage having an input, a control input 
and an output, said input being coupled for receiv 
ing said ?rst compressed analog signal having AC 
and DC components by way of a ?rst DC conduc 
tion path, said output being coupled to said ?rst 
input of said ?rst ampli?er; 
?rst recti?er circuit having a ?rst input and an 
output, said ?rst input being coupled for receiving 
said ?rst compressed analog signal having AC and 
DC components by way of a second DC conduc 
tion path, said output providing a ?rst control sig 
nal to said control input of said ?rst delta gain 
stage; and 

an expander circuit having an input coupled for re 
ceiving a second compressed analog signal and 
having an output for providing an output signal. 

14. The compandor circuit of claim 13 further includ 
ing a ?rst external capacitor coupled between a second 
input of said ?rst recti?er circuit and a ?rst power sup 
ply conductor. 

15. The compandor circuit of claim 14 wherein said 
expandor circuit includes: 

a second, ampli?er having ?rst and second inputs and 
an output, said second input receiving said refer 
ence potential, said output producing said output 
signal of said expandor circuit; 

a second delta gain stage having an input, a control 
input and an output, said input being coupled for 
receiving said second compressed analog signal, 
said output being coupled to said ?rst input of said 
second ampli?er; 

a second recti?er circuit having a ?rst input and an 
output, said ?rst input being coupled for receiving 
said second compressed analog signal, said output 
providing a second control signal to said control 
input of said second delta gain stage; and 

a ?rst resistor coupled between said output of said 
second ampli?er and said ?rst input of said second 
ampli?er. . 

16. The compandor circuit of claim 15 further includ 
ing a second external capacitor coupled between a sec 
ond input of said second recti?ercircuit and said ?rst 
power supply conductor. 

17. The compandor circuit of claim 13 comprising a 
bandgap voltage reference circuit having an output for 
providing said reference potential. 
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